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JAUMDICS  OP  SILKMDRMS 
by 

S.  von  Prowasok 


During  my  stay  In  Rovigno  In  1903/4  I  ms  oooupisd  with  ths  ps* 
ouliar  disease  of  sUkiiorms,  called  "Jaundice"  by  the  breeders*  I  eb* 
talned  the  material  from  Mr.  J*  Bolls*  Sireoter  of  the  [Aaetre  lumsrien] 
Agricultural  Chemloal  Station  In  GfSrs*  who  had  earned  pertioidAr  merits 
in  oonnsctlon  with  the  investigation  of  this  disease*  Her  extmnMl 
reasons,  however,  the  studies  had  to  be  Interrupted  end  X  here  only  new 
been  able  to  bri^  then,  in  Hamburg,  to  a  partisd  oomelmeiam* 

The  Jaundice  attacks  the  silkworms  in  the  breeding  estebliahaents 
especially  at  the  time  idien  they  become  ripe  for  spinmiag*  The  siek 
worms  can  be  recognised  at  first  by  their  laok  of  appetitei  they  erand 
around  undsteadlly  in  the  racks;  their  sldn  at  first  leeks  opaque, 
then  becomes  conspicuously  shix^  as  a  result  of  an  lamer  tenslsai  henoe, 
these  worms  are  also  called  "shiny  worms  (luisettes)*"  Later  the  abdomen 
of  the  worm  is  swollen,  the  skin  is  extremely  easily  injurable  end  there 
appear  on  it  yellow  spots  idiloh  are  confluent  with  one  aaether  mad  idiioh 
actually  give  the  disease  its  name*  Jaundice.  Slaoe  the  ahdeasn  is  eea- 
spicuously  swollen,  the  disease  is  also  called  "fatty  degemoretlea  (gras- 
serle)."  From  the  tears  in  the  skin  which  occur  at  every  opportunity 
a  milky  yellowish  liquid  -the  blood  of  the  worm-  trickles  eut*  The  Italian 
breeders  call  these  worms  vaoca  (cow).  Flnallj  the  worms  become  limp, 
die,  and  flow  apart  into  a  brown  sticky  mass.  A  great  many  researohers 
had  already  been  occupied  with  the  Jaundice  of  silkworms;  of  these  I  will 
only  mention  the  names  of  E.  Cornelia,  Maestri,  A.  Ceoooni,  B*  Verson, 

F.  Haberlandt,  Forbes,  Paneblanco  and  BoUe.  A  summary  prasentatien  of 
the  research  results  was  published  in  Padua,  in  1B96,  by  £.  Verson  and 
E.  Quajat,  entitled  "H  Fllugello  e  I'arte  serioa  (Tito  silkworm  sad  the 
Art  of  S£Lk)." 

l_  J 


I  In  th«  blood  of  Janndlood  spianoro  llMatri  (FraiBMntl  aaatoa^  | 

flalolog.  o  patolog*  dol  baoo  da  aata  [taatoaiaal,  Phyolblogloal  and 
Pathologioal  Datalla  of  tha  SlUmonilt  Parlat  1056)  found  a  largo 
nunbar  of  grannloa  idiloh  ho  rolatod  to  tbo  fat  tioottoi  lator  B.  Voroon 
iiontiflod  Its  oryatalUao  aaturo.  In  1093  BoUo  (Jahrbuoh  dor  k.k. 
Soldanbai^VoroQohatatlon  [Toarbook  of  tho  A«otM*Baagariaa  Silk  B>9o- 
rlaontal  Station]*  1B93»  pogo  112)  ootabliahod  that  tho  ao-oallod 
polyhodral  pajrtieloo  oenoist  of  a  protoin  avhotanoo. 

Thoao  polyhodral  partloloo  aro  spoolflo  for  tho  Jaundloo  of 
silkoorM. 


Tho  polyhodral  partloloo  aro  about  5  h  dlanotor]*  though  tholr 
olio  not  Infroquantly  rarloo  botwoon  rathor  vldo  Unlto*  lidth  ouf* 
flolont  nagnlfloatlon  it  ean  bo  ostabllohod  that  thoy  haro  a  hoxagonal 
contour  and  fora  rhonbio  dedooahodronot  la  addition  fron  tlao  to  tlno 


thoro  nay  bo  ooon  ootahodreao  vlth  trnaeatod  eornors.  They  haro  a 
fairly  high  rofraotlrlty  and  poaooso  a  fatty  ohlao*  With  prooauro  thoy 
aoqulro  oharatorlotlo  toaro  and  nay  bo  out  up  Into  Irrogular  star-  or 
orosa-ohapod  rooottoo.  Tho  porlphoral  sootoro  odhoro  togothor  la  a  ooiw 
trally  aultlplo  fora*  Thoy  aro  hoarior  than  mtor  and  aeon  alak  to  tho 
botton  of  tho  toot  tuho*  Aooordlng  to  BoUo  uho  had  lavoatlgatod  than 
▼ory  aoouratoly,  thoy  aro  laaolublo  la  bolUag  uator*  CS2(  alcohol*  othor* 
ohlorofora*  glyeorol  and  potrolora  othor*  la  tho  vara  or  oold  atato. 

Thoy  ora  furthor  laaolublo  la  hydrogoa  poroxldo*  boaaaao*aapoaiao  and 
aapotoxlB.  In  aononlo  oolutloaa  thoy  flrot  awall  up*  than  frea  tho  porl- 
phory  oryatalUao  platoo  dotaoh  thoaooluuio  fraa  a  aubatanoo  vhioh  at 
flrat  waa  oxyotalUno  but  aooa  boooaoa  grulayt  thoao  platoa  dlaappoar 
gradually;  finally  thoro  roaalaa  a  tranaparont  oryatalUao  ahadov  vhioh 
lator  alao  yanlahoa.  -  la  glaelal  aootlo  aold  tho  polyhodral  partlolo 
will  flrat  avoU  Tho  oryatalUao  aubataaoo  la  poraoatod  by  radial 
raya  analogoualy  to  a  aphorloal  oryatal.  Thoao  tondor  oryatalliao  pyra* 
nlda  -id^h  tho  oryatal  raya  aotually  aro-  call  forth,  looked  at  froa 
the  aurfaoo*  a  tondor  hoaoyooab  atruoturo  of  tho  polyhodral  partlolo 
(magnification  2*250)*  la  oaoh  of  which  thro#  pyraald  baaoa  moot.  Al¬ 
ready  from  thoao  obaorratloaa  It  la  amply  orldont  that  tho  polyhodral 
partlcloa  poaaoaa  an  unuoually  compUoatod  atruoturo  and  that  thoy 
oonalst  apparently  of  two  aubatanoo  aodlfloatioao*  -  a  loaa  rofraotlTo* 
presumably  organic  ground  aubatanoo*  and  a  atroagly  rofraotiro  oryatal- 
Uno  mass  irtiioh  "poraoatos”  tho  ground  substaaoo  In  tho  mannor  of  a 
spherical  crystal.  Sulfurlo  acid  makes  tho  pol^odral  body  swoU  up,  and 
one  can  observe  at  first  a  aMabrano-Uko  "omroleplag"  of  tho  crystals  t 
tho  Individual  surfaces  may  bo  folded  or  oontripotally  dented  by  applying 
pressure  with  tho  cover  glass,  or  by  displacing  tho  cover  glass.  Finally 
these  last  remains  disappear  and  tho  partlolo  la  dissolved  by  sulfuric 
aold*  nitric  acid  and  acetic  aold  as  well  as  by  alkaU.  In  general* 
depending  on  tho  state  of  their  "maturity,*  tho  particles  bohavo  somewhat 
differently  toward  the  abovo-montlonod  reagents t  some  aro  dissolved 
while  with  others  on 
followed  by  a  rather 


quickly, 

I  flcfttlon 


I  may  note  an  lnx^xal  concentric  strati- 
belatod  dlsippoaranoo. 
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I  With  lit  N«OH  th«y  ar*  InTUtad  to  up  to  four  tlnos  tholr  inltlajl 

slsa;  however,  they  then  melt  together  analogoucly  to  the  gas  vaouolee 
of  the  Az^ella.  On  the  basis  of  their  ground  substanoe  they  seem  to 
belong  to  the  protein  faiaily,  and  I  assume  that  they  are  orystalloids 
of  nueleoproteins .  Their  protein  nature  is  borne  out  by  the  following: 

KI  stains  them  yellow;  on  heating  the  color  turns  brown.  In  a  freshly 
prepared  state  they  give  a  positive  MLUon  reaction  (also  noted  by 
BoUe)  idd.ch  is  obtained  partioularly  readily  with  young  partioles 
idiloh  are  still  spherioal.  Analogously  to  ot^r  proteins  thw  are 
stained  yellow  by  plcrio  aold.  On  addition  of  pepsin-HCl  (32*0)  they 
first  beoone  refractive,  then  fall  apart  into  individual  orunbling 
partioles  and  finally  disappear.  With  diensa's  Sosin  Asure  a  blue  co¬ 
loration  is  obtained  especially  in  the  younger  forms  of  the  polyhedral 
bodies;  the  larger  orystalloids  are  tainted  mostly  on  the  periphery; 

BoUe  stained  them  with  dyes  suoh  as  fttohalno,  eosln,  erythro- 

sine.  Methyl  Green,  Meteor  Blue,  Gentian  Blue  and  Mitlyl  Violet.  With 
Brilliant  Cresyl  Blue  they  take  up  a  bluish  tinge. 

It  is  possible  at  all  times  to  infect  worms  with  the  abdominal - 
cavity  fluid  of  a  worm  which  contains  polyhedral  partioles;  either  one 
strokes  fresh  mulberry  leaves  with  this  material  by  means  of  a  brush, 
lets  dry  and  feeds  the  leaves  to  the  worms,  or  one  dips  an  ignited  needle 
into  the  above-mentioned  substances  aid  then  punotoros  the  so-called 
false  foot  of  a  worm.  Five  to  seven  days  after  the  infection  the  worms 
die  of  Jaundice.  As  BoUe  has  shown,  the  virus  possesses  a  rather  high 
tenacity:  he  was  able  to  infect  worms  and  pupas  via  subcutaneous  in¬ 
jection  of  "one-year-old  blood,  dried  on  g^ss  plates,"  always  obtaining 
positive  results.  The  polyhedral  partioles  are,  however,  not  the  carriers 
of  the  virus,  since  one  is  able  to  eliminate  them  by  means  of  repeated 
filtration  through  several  thicknesses  of  filter  paper;  then  for 
control  the  filtrate  is  centrifuged  and  sedismntod  for  an  extended 
period  of  time;  the  clear,  particle-free  supernatant  liquid  which  is 
svdcjected  to  an  accurate  microscopical  examination  in  search  for  any 
of  the  articles  In  question  that  may  possibly  bo  present,  may  then  be 
used  to  produce  infection  with  a  positive  result. 

Silkworms  which  had  been  infected  In  this  manner  at  noon  on  20 
June  190>f  died  of  Jaundice  on  2k  axxl  25  June,  and  in  their  abdominal 
cavity  a  large  nvunber  of  typical  polyhedral  particles  was  detectable. 

I  conceive  of  the  polyhedral  bodies  as  specific  reaction  products 
of  the  host  colls  to  the  virus.  I  studied  their  genesis  on  smear  prepa¬ 
rations  obtained  from  the  blood  of  the  abdominal-cavity  fluid,  vad  above 
all  from  the  fat  of  the  sick  silkworms;  those  [smears]  were  prepared  by 
dipping  then  while  still  wet,  horizontally  into  a  hot  alcoholic  sublimate 
solution. 


Fixation:  Two-thirds  sublimate  (concentrated  hot  saturated  aqueous 
solution)  +  one-third  90^6  alcohol,  10  minutes.  _ j 

I  ■  ■ 
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j  Washing  vlth  dlstlUsd  water;'  60)(  lodlxM-aloohol  [slo];  washing  I 
'with  60^  alcoholt  than  with  distilled  water. 


Staining  with  dilute  (eoanerclal)  Grenaoher's  hematoxylin,  one 
quarter  hour. 


Washing  with  well  water.  Aloohol  series  [slo],  xylene.  Canada 

balsam. 


In  the  diseased  cells  one  first  notes  that  the  nucleus  has  beoons 
hypertrophic;  the  nucleolus  Is  very  much  enlarged,  is  stained  very  dark 
In  the  blood  cells;  Is  often  flapp^.  Irregularly  shi4>ed  In  the  fatty- 
body  cells  and  possesses  a  minute  hone3^oab  structure.  The  ohrosMtin  of 
the  nucleus  coUects  Into  Individual  lumps  which  adhere  especially  to 
the  inner  line  of  contour  of  the  cell  asadsrane  (Tig.  la).  The  first  poly¬ 
hedral  particles  emerge  In  the  honeycombs  of  the  achromatic  fraswwork; 
the  number  of  these  particles  quickly  Increases.  Later  they  enter  also 
the  protoplasm  (Flg.l).  Sometimes  one  finds  In  the  smear  also  naked,  very 
strongly  hypertrophic  oval  nuclei  of  the  fatty-body  cells  which  are 
completely  filled  with  polyhedral  p>artloles,  while  the  chromatin  adheres 
only  to  the  nucleus  membrane  and  so  Imulates  a  type  of  cyst  mei^rane. 

At  times  the  chromatin  of  the  nucleus  adheres  to  the  free  polyhedral 
particle  In  a  hood-Uke  manner.  The  polyhedml  particles  originate  In 
this  way  at  first  Intranuclearly  on  the  nuclei  of  all  tissues  of  the 
diseased  worms;  later  they  are  detectable  also  In  the  protoplasm;  when 
the  cells  fall  apart  the  free  particles  flood  the  abdomlnal-oavlty  fluid 
and  blood  of  the  diseased  worms* 


At  the  edge  of  these  smear  preparations  from  the  abdominal-cavity 
fluid  and  blood  of  jaundiced  silkworms,  idiere  the  serum  had  been 
fixated  In  a  somewhat  thinner  layer,  It  was  possible  to  detect  very 
numerous  light  formations  in  the  serum  clot  as  soon  as  the  preparations 
were  stained  Intensively  several  times  with  Glemsa's  Sosine  Asure,  and 
further  worked  up  as  dry  cover-glass  smears  (that  is.  dried  with  blotting 
paper  and  enclosed  in  cedar  oil).  (Fig. 2).  In  the  light,  oval  to  round  small 
formations  a  reddish-violet  or  dark  blue  dot-Uke  body,  having  the  appear¬ 
ance  of  a  coccus,  could  mostly  be  detected  (magnification  2,250,  using 
Auerllcht  homog.  iraraersion).  These  bodies  at  times  separate  Into  dumbbell 
shapes  and  1  consider  these  formations  as  the  actual  causative  agents 
of  the  jaundice  of  silkworms. 


They  are  roundish,  proliferate  through  a  dumbbell-shaped  cross 
division  and  appear  to  possess  a  gelatinous  envelope  (light  border)*  I 
assign  them  the  preliminary  name  of  Chlaraydosoon  bombycis*  They  could 
be  represented  even  better  if  one  diluted  the  material  strongly  with  di¬ 
stilled  water,  centrifuged  Intensively,  washed  several  times  and  then 
stained  the  residua  iri.th  I,ooffler*5  flagella  mordant.  Unfortunately  I  do 
not  have  any  material  left  for  these  experiments,  and  I  plan  to  resume 
these  invt'stigations  at  a  favorable  opportimity.  In  individual  cases  I 
inoticed  [those  bodies]  also  in  the  protoplasm  of  blood  cells-  these  I 
1 would  be  the  intracellular  stages  of  the  chlamydosoon.  to  be  compco'ed — ' 
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fists.  1  and  2.  Jaundio*  Af  Silk- 
Konns,  flg.l.  Fftt-Bodif  C«lls  In 
Various  StagM  of  DogMoratlon. 
At  £  nuolous  is  siiDlloa»  ehrwia 
tin  poor  and  coaplstoljr  fiUsd 
with  Bolls's  poljdisdrsl  bodiss« 
a  f  sw  of  which  ars  drawn  bslew 
in  ths  frss  stats. 

Fig. 2.  Causativs  Agsnt  of 
Jauadios  (Oo.  8.  bom.  iawrsion 
2  mm),  drawn  by  )fr.  Stsndsr. 


As  a  prophylactic  measure  against  the  jauxviice  of  silkworas  Bolls 
rsoonmsnds  immediate  remoTal  and  burning  of  the  first  JatlUioed  WOMS,  a 
more  frequent  change  of  the  bedding  of  the  latter  and  burning  of  ths  con¬ 
taminated  beds. 


BoUe  succeeded  in  positively  infecting,  by  means  of  ths  Tirus 
of  Jaundice,  also  other  insects  such  as  Antherea  Jama  Mai  and  A.  Psmyi, 
Attacus  Cynthria,  A..therea  mylitta  and  larvae  and  beetles  of  Demsstes 
lardarius,  only,  interestingly,  the  polyhedral  particles  varied  in  shape 
from  host  to  host.  3ince  according  to  BoUe  (l8o9)  the  Jaundice  ooours  also 
on  the  feared  Psilure  n.onacha  L.,  Infection  experiments  on  a  large  scale 
would  be  of  partic;uD.r.r  bnpoi  tanco ,  also  from  ths  national-economic  point  of 
view,  especially  i-.c  ;  ihe  virus,  dried  on  glass  plates,  can  be  preserved 
over  a  year  in  a  txat..  -aac-ble  of  causing  infection,  and  readily  shipped  in 
this  manner. 

I  wiah  to  cx,.,r.^s  :.y  sincere  thanks  to  Director  J.  BoUe,  Gors, 
for  his  manifold  auv  and  for  the  furnished  material,  J 
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